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osting by EAbstract Purpose: To evaluate the accuracy of different formulas used for IOL power calculation
in patients with high axial myopia undergoing cataract surgery.
Methods: A prospective clinical study was carried out on 53 eyes of 51 patients with an axial length
from 25.5 to 31.4 mm including 21 males (41.2%) and 30 females (58.8%). Calculation of the IOL
power to be implanted was done by three available IOL power formulas; Haigis formula, SRK/T
formula, and Holladay I formula. The mean error (ME) was calculated from the difference between
the formula predicted refractive error and the actual post operative refractive error.
Results: There was no statistically signiﬁcant difference between the mean error of the three formu-
las used in the overall performance or in the axial length subcategories. SRK/T formula caused the
smallest mean error, (+0.17 D). Haigis formula showed a higher ME (+0.21 D) and Holladay for-
mula caused a myopic postoperative refractive error (0.20 D).
Conclusion: The calculation of IOL power in patients with high axial myopia using the third or the
fourth generation formulas help in improvement of the accuracy of the calculation and decreasing
the post operative refractive error. SRK/T formula showed the lowest mean error, however, there
was not statistically signiﬁcant difference between the three formulas used, neither in the overall
performance, nor in axial length subcategories.
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lsevier1. Introduction
Patients with high axial myopia have prevalence of lens opac-
ities and develop cataract at an earlier age than emmetropes
(Kaufman and Sugar, 1996).
Intra-ocular lens (IOL) power calculation poses difﬁculties
for cataract surgeon planning surgery in such eyes (Drews,
1986; Olsen et al., 1995). The two main problems encountered
are the measurement of the proper axial length to be used in
calculation due to the presence of the posterior staphyloma,
and the lack of accuracy of the available formulas that
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myopia (Hafez, 2004). So, determining the power of the
intra-ocular lens to be implanted is a crucial factor in postop-
erative refractive status and visual acuity (Tsang et al., 2003).
Formulas for IOL power calculation had past four genera-
tions, ﬁrst generation formulas were theoretical and based on
the same fundamental constant with no respect to anterior
chamber depth. Since then, Binkhorst, Holladay, Hoffer and
Shammas had reﬁned the existing theoretical formulas where
each of them developed his regression formula based on anal-
ysis of their previous IOL cases (Binkhorst, 1981; Shammas,
1988).
This work was amalgamated in 1980 and yielded the Sand-
ers Retzlaff Kraff I (SRKI) formula (Sanders et al., 1981).
The second generation was designed by combining linear
regression analysis and stepwise adjustment for long and short
eyes according to anterior chamber depth (Binkhorst, 1987;
Saunders et al., 1988).
The third and fourth generation formulas, started by Holl-
aday in 1988, all aimed at better calculation of the IOL power
in eyes with extreme axial length where another term had ap-
peared which is IOL speciﬁc anterior chamber depth (Hoffer,
1993; Retzlaff et al., 1990).
The accuracy of third and fourth generation formulas for
IOL calculation in patients with high axial myopia had not
been fully evaluated (Tsang et al., 2003). For that, the need
for more studies conducted to evaluate such accuracy is crucial.
This study was conducted to evaluate the accuracy of differ-
ent formulas used for IOL power calculation in patients with
high axial myopia undergoing cataract surgery.Table 1 Demographic data.
Patients total number 51
Males (No./percentage) 21 (41.2%)
Females (No./percentage) 30 (58.8%)
Age (years) 55.04 ± 7.73
Minimum age (years) 39
Maximum age (years) 67
Table 2 Overall performance of formulas for AL > 25 mm.
IOL formulas Mean
error (ME)
Eyes (%) with mean
absolute error
(MAE) < 1.0 D
SRK/T +0.17 D 83.01
Haigis +0.21 D 83.01
Holladay I 0.20 D 84.90
P value > 0.1.2. Patients and methods
This study was conducted on patients admitted in Mansoura
Ophthalmic Center in the period from May 2006 to April
2007. Patients scheduled to undergo cataract operation with
axial length 25 mm or more were included in this study, where
patients with previous ocular surgeries, combined surgical pro-
cedures, eventful cataract surgeries and corneal surface irregu-
larities were excluded.
Routine pre-operative ocular examination was done. Calcu-
lation of the IOL power to be implanted was done by the same
person using three available IOL power formulas; Haigis for-
mula, SRK/T formula, and Holladay I formula.
The corneal power was measured by computerized colored
video keratometer. The keratometry measurement was done
prior to axial length measurements. Axial length measurement
was done using immersion A-scan technique by Hansen scleral
shell and B mode with horizontal macular scanning COM-
PACT II (Quantel Medical, Clermont-Ferrand, France).
The patients were divided according to the axial length into
three groups; group I: with axial length from 25 to 27 mm (15
eyes), group II: with axial length from more than 27 to 29 mm
(23 eyes), group III: with axial length from more than 29 to
31.4 mm (15 eyes).
Phacoemulsiﬁcation was done through a sutureless 3.2 mm
incision, the site of the incision was selected according to the
pre-operative corneal astigmatism, if present, with implanta-
tion of foldable IOL (I-Medical, Weinheim, Germany) in the
capsular bag. The minimum IOL power implanted was
+1.0 D and the maximum power was +15.0 D.All the patients were examined at 1 day, 1 week, 2 weeks,
1 month, 2 months and 3 months postoperatively to asses
uncorrected and best corrected visual acuity, slit lamp biomi-
croscopy, refraction using Canon (R-30) autorefractometer
and fundus examination.
All the pre- and postoperative data were collected in a spe-
ciﬁc sheet for each case and statistical analysis was done using
SPSS program 11.01 with P value >0.05 considered
signiﬁcant.
The mean numeric error is calculated as follows: formula
predicted postoperative refraction – actual postoperative
refractive error.
3. Results
This study was carried out on 53 eyes of 51 patients with an
axial length from 25.5 to 31.4 mm, including 21 males
(41.2%) and 30 females (58.8%) with their age ranging from
39 to 67 years (mean 55.04 ± 7.73). (Table 1).
Two types of cataract were present in this study; senile cat-
aract in 36 eyes (68%), and presenile cataract in 17 eyes (32%).
Fundus changes were observed in 46 eyes including myopic
degenerations in 19 eyes. About 31 of all studied patients were
glass wearers while one patient used contact lens.
The mean K of the studied eyes was (44.33 ± 1.28) with a
minimum of 41.50 D and a maximum of 47.29 D. It showed
negative correlation with the axial length as it decreases with
the longer axial length. Pre-operative anterior chamber depth
(ACD) was 3.397 ± 0.37 mm with a positive-nonsigniﬁcant
correlation with the axial length.
The mean axial length was 28.20 ± 1.57 mm, with a mini-
mum of 25.47 mm and a maximum of 31.40 mm. Posterior
staphyloma was found in seven eyes.
The overall performance of the three formulas in eyes with
axial length longer than 25 mm is demonstrated in Table 2.
SRK/T formula and Haigis formula tended to cause a hyper-
opic refractive error postoperatively.
The SRK/T formula caused the smallest mean error
(+0.17 D). The Haigis formula showed a higher ME than
Table 3 Performance of formulas in AL subcategories.
IOL formula Mean error (ME)
Group I
25–27 mm
Group II
>27–29 mm
Group III
>29–31.4 mm
SRK/T +0.04 +0.15 +0.33
Haigis +0.03 +0.17 +0.46
Holladay I 0.18 0.29 0.07
P value > 0.1.
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caused a myopic postoperative refractive error (0.20 D).
In this study, there was no statistically signiﬁcant difference
between the mean errors of the three formulas used in the over-
all performance.
Table 3 shows the performance of each formula in the AL
subcategories. The ME ranged from 0.04 to 0.18 D in group
I, from 0.15 to 0.29 D in group II, and from 0.46 to 0.07 D
in group III.
The study found no statistically signiﬁcant difference be-
tween the mean errors of the three formulas in the axial length
subcategories.4. Discussion
Since the ﬁrst theoretical formula for IOL power calculation
was described by Fyodorov et al. in 1967, the following formu-
las have aimed to improve the refractive outcome especially for
the extreme axial length.
First generation formulas depend on a single constant to
predict the postoperative position of the IOL (ACD), while
the second generation formulas used the term ACD not as a
constant but as a value which varies with the axial length.
Third generation formulas (Holladay I, SRK/T) incorporated
the effect of corneal curvature aiming for better prediction of
the IOL position.
Fourth generation formula (Haigis formula) does not con-
sider a proportional relation between the distance from the
cornea to the IOL position and the axial length. Instead, it uses
three constants to set both the position and the shape of a
power prediction curve.
In this study, SRK/T formula was the most accurate for-
mula among the used formulas with the smallest postoperative
mean error (+0.17), and this goes hand in hand with Donoso
et al. (2003) who examined 212 eyes of different axial length
with the SRK II, Binkhorst II, Hoffer-Q, Holladay, and
SRK/T formulas and inferred that SRK/T formula may be
the most accurate for the long eyes (>28.0 mm). However,
the number of eyes in the longer axial length group was small
(16 eyes).
Hoffer (2000) examined the mean absolute error in 317 eyes
using the SRK/T, Holladay I, Holladay II, and Hoffer-Q for-
mulas and he found that the SRK/T formula showed a trend
toward the lowest mean absolute error in medium long
(24.5–26.0 mm) and very long (>26.0 mm) eyes.
Zaldivar et al. (2000) had compared the IOL power using
SRK/T, Hoffer-Q, Holladay I and Holladay II formulas in 50
highly myopic patients who underwent phacoemulsiﬁcation
with foldable IOLs. The conclusion of their study was, in eyes
with axial length longer than 27 mm current third and fourthgeneration lens calculation formulas tend to over minus pa-
tients between 1 and 4 spherical equivalent leaving the pa-
tients with postoperative hyperopia.
Narvaez et al. (2006) compared the accuracy of intra-ocu-
lar lens power calculations using SRK/T, Holladay I, Holladay
II, and Hoffer-Q formulas in 643 eyes and he found that there
was no signiﬁcant difference in the accuracy of the four formu-
las. However, this study used two different IOLs types which
may affect the outcome.
Chua et al. (2007) had conducted a study comparing the
mean absolute error of SRK/T, Holladay II, and Hoffer-Q for-
mulas in patients with axial lengths >25 mm and concluded
that the SRK/T (0.18 D) formula may be more accurate than
Hoffer-Q (0.58 D) and Holladay II (0.75 D) for eyes with axial
lengths greater than 25 mm.
This is even more so in eyes with axial lengths greater than
27 mm although there is a tendency toward more hyperopic
surprises.
Holladay I formula came in the second place with respect to
the postoperative mean error after the SRK/T and this is
nearly the same ﬁndings reported by CSL Tsang et al. (2003)
who conducted a study on Chinese patients with high axial
myopia and found that Holladay and SRK/T formulas gave
comparable results.
The present study found that Haigis formula came in the
third place regarding the accuracy of calculation and unfortu-
nately there were few published studies which had used Haigis
formula in IOL power calculation for high axial myopia till
this study have been carried out.
Olsen (2006) found that there is an improvement in IOL
power calculation with the use of ﬁve-variables ACD predic-
tion method rather than the use of two-variable method de-
scribed by Haigis, which, if incorporated in the formula may
give better outcome.
Ganesh et al. (2004) compared the accuracy of IOL power
calculation in high myopes using Haigis and SRK II formula
and inferred that the Haigis formula was very effective in eyes
with axial length ranging from 25 to 32 mm.
However, in their study the use of the SRK II compared
with the Haigis formula did not give a clear vision about the
accuracy of the Haigis formula as all the recent studies had
reached a fact that the SRK II formula does not give accurate
prediction for IOL power to be implanted in high axial myopia.
In the present study, the range of the mean error was as
much as +2.9, +3.0, +2.5 on the hyperopic side and 1.4,
1.4, 1.9 on the myopic side by the SRK/T, Haigis, Holla-
day I formula respectively.
The error seems to originate from the measurement itself
with some sort of difﬁculty to locate the accurate position of
the fovea with the presence of the posterior staphyloma in
two cases.
The SRK/T and Haigis formulas had a tendency to over
minus the power of the IOL to be implanted specially in group
II resulting in postoperative hyperopia, while Holladay for-
mula tend to over plus the power of the IOL implanted which
result in a postoperative myopia.
The SRK/T formula was the most accurate among the used
formulas with the smallest postoperative mean error, however,
there was not statistically signiﬁcant difference between the
three formulas used in the study.
In conclusion, the calculation of IOL power in patients
with high axial myopia using the third or the fourth generation
80 R. El-Nafees et al.formulas help in improvement of the accuracy of the calcula-
tion and decreasing the post operative refractive error. SRK/
T formula showed the lowest mean error, however, there was
not statistically signiﬁcant difference between the three formu-
las used, neither in the overall performance, nor in axial length
subcategories.
References
Binkhorst, R.D., 1981. The accuracy of ultrasonic measurement of the
axial lens of the eye. Ophthalmic Surg. 12, 363–365.
Binkhorst, R.D., 1987. Biometric A-scan ultrasonography and intra-
ocular lens power calculation. In: Emery, J.E. (Ed.), Selected
proceedings of the ﬁfth biennial cataract surgical congress. St.
Louis, Mosby, pp. 175–182.
Chua, W.H., Lee, M.W., Chan, Y.H., et al. 2007. Prospective
comparison of different formulae for calculating IOL power in
Asian eyes with long axial lengths. In: XXIV Congress of the
ESCRS, Stockholm.
Donoso, R., Mura, J.J., Lopez, M., et al., 2003. Emmetropization at
cataract surgery. Looking for the best IOL power calculation
formula according to the eye axial length. Arch. Soc. Esp.
Oftalmol. 78, 477–480.
Drews, R.C., 1986. Results in patients with high and low power
intraocular lenses. J. Cataract Refract. Surg. 12, 154–157.
Ganesh, B., Maheshwari, U., Bafna, A., et al. 2004. Haigis Formula in
High Myopers, Our Experience. Available from: <http://www.aio-
s.org/proceed2004/cataract/Cat_1.pdf>.
Hafez, A., 2004. Accuracy of A and B modes in myopic biometry. Bull.
Ophthalmol. Soc. Egypt 97 (2), 333–335.
Hoffer, K.J., 1993. The Hoffer-Q formula: a comparison of the
theoretical and regression formula. J. Cataract Refract. Surg. 19,
700–712.Hoffer, K.J., 2000. Clinical results using the Holladay II intraocu-
lar lens power formula. J. Cataract Refract. Surg. 26,
1233–1237.
Kaufman, B.J., Sugar, J., 1996. Discrete nuclear sclerosis in young
patients with myopia. Arch. Ophthalmol. 114, 1178–1180.
Narvaez, J., Zimmerman, G., Stulting, D., et al., 2006. Accuracy of
intraocular lens power prediction using the Hoffer Q, Holladay I,
Holladay II, and SRK/T formulas. J. Cataract Refract. Surg. 32,
2050–2053.
Olsen, T., 2006. Prediction of the effective postoperative intraocular
lens anterior chamber depth. J. Cataract Refract. Surg. 32, 419–
424.
Olsen, T., Corydon, L., Gimbel, H., 1995. Intraocular lens power
calculation with an improved anterior chamber depth prediction
algorithm. J. Cataract Refract. Surg. 21, 313–319.
Retzlaff, J.A., Sanders, D.R., Kraff, M.C., 1990. Development of
SRK/T intraocular lens implant power calculation formula. J.
Cataract Refract. Surg., 333–340.
Sanders, D., Retzlaff, J., Kraff, M., et al., 1981. Comparison of the
accuracy of the Binkhorst, Colenbrander, and SRK implant
power prediction formulas. Am. Intraocular Implant SOCJ 74,
337–340.
Saunders, D.R., Retzlaf, J., Kraff, M.C., et al., 1988. Comparison of
the SRK II formula and the other second generation formulas. J.
Cataract Refract. Surg. 14, 136–141.
Shammas, H.J., 1988. Accuracy of lens power calculations with the
biconvex and meniscus intraocular lenses. Am. J. Ophthalmol. 106,
613–615.
Tsang, C.L.S., Gabriela, S.L., Yiu, E.P.F., et al., 2003. Intraocular
lens power calculation formulas in Chinese eyes with high axial
myopia. J. Cataract Refract. Surg. 29, 1358–1364.
Zaldivar, R., Mitchell, C., Holladay, J.T., et al., 2000. Intraocular lens
power calculations in patients with extreme myopia. J. Cataract
Refract. Surg. 26, 668–674.
